We investigated the significance of hypertriglyceridaemia (HTG) for associated components of the metabolic syndrome and stress reactivity in subjects with mild hypertension. Methods: Seventeen asymptomatic subjects with mild hypertension assessed by 24-h blood pressure (BP) measurement plus HTG (TG Ͼ2.3 mmol/l) were recruited and compared with age-and sex-matched subjects with hypertension alone and healthy controls. Cardiovascular and hormonal stress reactivity were tested in a standardised programme consisting of 6 min mental stress, 3 min finger grip and a submaximal bicycle ergometry. Results: The hypertensive patients with HTG exhibited
Introduction
Hypertension is frequently associated with metabolic abnormalities which may increase the risk of coronary heart disease. 1 There is ample evidence showing primary hypertension to be an integral component of the metabolic syndrome or syndrome X: dyslipidaemia, hypertension, central obesity and impaired glucose tolerance/type 2 diabetes.
2,3 Dyslipidaemic hypertension or familiar dyslipidaemic hypertension, a distinct genetic disease, has been described as having insulin resistance as a central disturbance. 1 The frequency of dyslipidaemic hypertension was reported to be within the range of 12-24% in population-based investigations. 4 Epidemiologic studies have shown that coronary heart disease (CHD) as a cause of death was more frequent in patients with dyslipidaemic hypertension compared to those suffering from dyslipidaemia or hypertension alone.
5 Hypertriglyceridaemia (HTG) in the context of the metabolic syndrome has been suggested to be an independent risk factor. Therefore, in this study we examined only subjects without any medication.
In addition, cardiovascular stress reactivity is associated with atherogenic lipoprotein profiles in asymptomatic men with mild hypertension. The hyperreactivity of the cardiovascular system is discussed as an important risk factor for CHD. 9, 10 Dynamic stress research revealed close correlation of anomalies in blood pressure (BP) regulation and lipid metabolism under laboratory conditions and in daily life. [10] [11] [12] [13] [14] [15] [16] Thereby the problem of modelling stress to trigger cardiovascular reactivity is often discussed. 17 , 18 We used a test programme with mental, static and dynamic muscular load as a work-related model to trigger off different physiological mechanisms.
Based on the cited epidemiological and experimental results the primary aim of this project was to assess the significance of HTG for cardiovascular and neuro-endocrine stress reactivity in subjects with asymptomatic mild hypertension.
Materials and methods

Recruitment of subjects
A total of 212 volunteers were recruited from a population investigated in a health care survey of occupational medicine in different professions. Inclusion criteria were age (18 to 65 years), profession and professional state (educated, employed subjects), willingness and mental as well as physical ability for the requirements described below.
Before entering the study the subjects underwent a screening programme consisting of medical history, physical examination, echocardiography, fundoscopy, and electrocardiography (ECG). The aim was to exclude clinical manifestations of CHD or complications of hypertension and dyslipidaemia. Exclusion criteria were ischaemic or valvular heart disease, congestive heart failure, cerebrovascular diseases, medically treated diabetes mellitus, chronic renal failure, known secondary hypertension, and alcohol abuse. The family history of cardiovascular diseases was requested by a physician.
This basic population was screened for the combination of hypertension and hypertriglyceridaemia. For the diagnosis of hypertension, BP was recorded over a 24-h period by means of a non-invasive automatic portable monitoring device (ABPM, TM 2420, BOSO Berning, Germany). The measurements were taken automatically at 15-min intervals during a normal working day (6 am to 10 pm) and at 30-min intervals at night (10 pm to 6 am). The participants kept a diary. Based on the classification by the German Hypertension League 19 patients were considered as 'mild hypertensive' if the mean values of their BP over 24 h exceeded 130 and 80 mm Hg, respectively. Errors in ambulatory BP monitoring (ABPM) were between 2 to 10%.
HTG was diagnosed if triglyceride (TG) levels were beyond the 90th percentile of the DRECAN study, 20 a population-related study in the area of Dresden, that means in all age groups were Ͼ2.3 mmol/l.
Out of the 212 volunteers, 17 subjects fulfilled the criteria of a combination of asymptomatic and unmedicated hypertension and HTG (group H+HTG, age 40.2 ± 15.0 years). The mean values for BP-mean over 24 h (ABPM) were 140.0 ± 15.6/84.8 ± 5.6 mm Hg. The median of TG was 3.0 (1.2-4.7) mmol/l.
Seventeen subjects with isolated hypertension (group H, age 39.9 ± 14.2 years) and 17 subjects without hypertension and HTG (group C, age 37.1 ± 11.4 years) served as age-and sex-matched controls. The criteria for the selection of groups were in group H: ABPM 141.1 ± 13.4/86.8 ± 7.8 mm Hg, median of TG 1.1 (0.3-1.5) mmol/l; and in group C: ABPM 126.8 ± 14.0/76.9 ± 5.1 mm Hg, median of TG 1.0 (0.4 -1.5) mmol/l.
Each group consisted of 12 men and five women. None of the participants received antihypertensive or lipid lowering drugs. No significant differences in smoking habits (cigarettes/day) and alcohol intake (g alcohol/day) could be found between the groups. Isolated HTG without hypertension was found in only five of the cases.
Procedure
Subjects attended a standard laboratory programme consisting of a 10-min rest period, 6-min mental stress task, a 3-min finger grip with 30% of the maximal strength, a submaximal bicycle ergometry, and a 10-min recovery period.
Mental stress covered arithmetic tasks (adding and substracting three one-digit numbers in each of two lines). The instruction was to work as fast and as accurately as possible.
For the finger grip test the maximal strength of the second finger of the dominant hand was assessed in three runs before the investigation.
After the finger grip test and a 3-min rest the subjects underwent a submaximal bicycle ergometry in the same room. For women exercise started at 50 Watts and for men at 75 Watts. The exercise levels were increased in increments of 25 Watts. Each level was maintained for 3 min. Testing was stopped if the 85% level of age corrected maximal heart rate (220 min minus age in years) was exceeded.
Eating and smoking was not allowed within 2 h preceding the investigation. All investigations started at 9 am.
The study protocol was approved by the Ethics Committee of the Medical Faculty of Dresden.
Vegetative parameters
BP was measured over the right brachial artery by a calibrated sphygmomanometer using the first and fifth Korotkoff sound to identify systolic and diastolic pressure. Measurements were carried out in a sitting position at the 3rd min of each task.
In addition, peripheral BP was monitored by a non-invasive device (Finapres, Ohmeda 2300, Englewood, CO, USA) which allows to obtain a reliable BP signal on a beat-to-beat basis in the finger. The arterial volume under the small finger cuff is measured with a photoplethysmograph and volume clamped by modulating cuff pressure using a wide-band servo system. 21, 22 The cuff was placed at the third finger of the left hand, holding the forearm horizontally at heart level.
Heart rate (HR) was recorded by electrodes placed on the thoracic wall. One-minute heart-period-and peripheral BP-intervals were averaged.
Biochemical parameters
Blood samples for adrenaline, noradrenaline, dopamine, ACTH, cortisol, and renin were obtained before the habituation period and at the end of the last recovery period after bicycle ergometry (10 min rest).
All blood samples for hormone measurements were collected in chilled tubes, immediately centrifuged and the plasma was stored until analysis at −85°C.
Plasma catecholamines were measured by reversed-phase HPLC with electrochemical detection after solid phase extraction. The system included a solvent module 126 and an autosampler 507 of System Gold (Beckman Instruments, Inc, USA), and an electrochemical detector COULO-CHEM II with analytical cell 5011 (ESA, Bedford, USA). Separation was carried out using a 3 m C-18 Ultrasphere XL column, 4.6 mm × 7.0 cm with guard column (Fa. Beckman) at 30°C, maintained by a column oven with temperature control. The flow rate of the mobile phase (50 mM phosphate buffer, pH 4.0, 325 mg/l sodium dodecyl sulfate as pairing ion, 50 mg/l EDTA and 3% methanol) was 1.0 ml/min. Solid phase extraction of 1 ml plasma was performed with the extraction kit from CHROMSYS-TEMS Instruments (Mü nchen, Germany) FRG using 3,4-dihydroxybenzylamine (DHBA) as internal standard.
The respective intra-assay coefficients of variation for noradrenaline, adrenaline and dopamine were 6.5%, 8% and 10%; the respective inter-assay coefficients were 8.4%, 12% and 14%. The percentage recovery of the catecholamines based on the recovery of internal standard in the plasma was 70-80%. ACTH concentration was measured by a non-competitive radioimmunoassay (Eurodiagnostics B.V.). The intra-assay coefficient of variation was 6%, the inter-assay coefficient 12%.
Cortisol was determined by a competitive coatedtube-radioimmunoassay (Byk-Sangtec Diagnostika). The intra-assay coefficient of variation was 3%, the inter-assay coefficient 8%.
Insulin was determined by a competitive coatedtube-radioimmunoassay (DPC Biermann GmbH, Bad Nauheim, Germany). The intra-assay coefficient of variation was 5% at 0.1 nmol/l, the inter-assay coefficient 10% at 0.1 nmol/l.
Plasma cholesterol, triglycerides, uric acid and glucose measurements were performed on a Hitachi 717 Analyser with intra-assay coefficients of variation below 5%.
Plasma triglycerides were measured after enzymatic hydrolysis with lipase by a subsequent enzymatic determination of the liberated glycerol by colorimetry on Hitachi 717 Analyser.
Total cholesterol was assayed by the CHOD-PAP method using the test kit of Boehringer Mannheim GmbH Diagnostica.
High density lipoprotein (HDL)-cholesterol was determined after precipitation of chylomicrones, very low density lipoprotein (VLDL) and LDL with phosphotungstic acid and magnesium ions by the CHOD-PAP method using the test kit of Boehringer Mannheim GmbH Diagnostica. LDL-cholesterol was calculated from the difference of total serum cholesterol concentration and cholesterol concentration (VLDL and HDL) after precipitation of LDL-cholesterol by dextran sulphate. Precipitation of LDL-cholesterol was performed by the precipitation kit QUANTOLIP (Immuno AG, Wien, Germany). After precipitation the sample was centrifuged at 5000 rpm for 10 min. The uricase-PAP method (Boehringer Mannheim GmbH Diagnostica) was used for the determination of serum uric acid.
Statistical methods
Data analysis was done by means of statistical package SPSS/PC + , version 6.1. Using Kolmogorov-Smirnov test data were found to be normally distributed. All of the vegetative data and a part of the biochemical data, except triglycerides, showed a normal distribution. Variance analyses followed by StudentNewman-Keuls multiple range tests were carried out to assess group differences for normally distributed data. In the other cases Kruskal-Wallis and Mann-Whitney test were used, respectively. Bivariate or partial correlation coefficients were performed to analyse associations between different parameters.
Results
A summary of the clinical features characterising the groups for normally distributed data is shown in Table 1 .
The groups differed considerably with regard to HDL-cholesterol, apolipoprotein-B, uric acid, and body mass index (BMI). For not normally distributed data except for the significant differences in triglycerides ( 2 = 23.3, P = 0.0000) we found significant differences in fasting insulin ( 2 = 5.6/6.2, P Ͻ 0.01) with the highest level in group H+HGT (0.17 ± 0.12 nmol/l) in comparison to group H (0.06 ± 0.03 nmol/l) and group C (0.05 ± 0.02 nmol/l). The gamma-GT had the highest level in group H+HTG (0.9 ± 0.9 mol/l s, 2 = 3,8, P Ͻ 0.05 to the other groups: both 0.3 ± 0.3 mol/l s). No differences were found in serum glucose, creatinine, fibrinogen, platelets, and waist/hip ratio. The groups C and H did not show any significant difference in the investigated metabolic and hormonal parameters. Concerning the family history of hypertension requested by the doctor, no between-group difference could be revealed.
Dynamics of brachial as well as peripheral BP levels under different demands was comparable in all groups and reflected the known differences in rest and in daily life (Table 2) . Brachial systolic BP (SBP) in group H+HTG and group H was significantly higher than in group C. However, the groups H+HTG and H did not significantly differ. The highest difference between the groups was found for brachial BP in habituation, for peripheral BP in mental tasks and recovery after ergometry.
The peripheral SBP was higher than the brachial one in all groups. The smallest difference between peripheral and brachial BP was found in group H+HTG. Peripheral SBP and DBP showed the highest level in group H. However, in between-groupscomparison peripheral SBP was significantly higher only in group H compared to group C. No significant differences were found in heart rate.
A remarkable fact was that only in groups C and H was there a significant correlation of peripheral systolic and diastolic BP in rest as well as under all exertion (r = between 0.60 to 0.75). By contrast, no significant correlation could be found in group H+HTG (r = between 0.20 to 0.34). None of these differences were found between the groups for brachial BP. Figure 1 shows an example for these correlations during bicycle ergometry.
The reactivity of BP and HR, defined as mean of physiological parameter in the last minute of rest before task to the mean in: the first minute of mental task, the second minute of finger grip, and the third minute of ergometry, did not differ significantly between the groups (see also Table 2 ). The highest reactivity of peripheral BP occurred in group H (no significance).
In addition to the cardiovascular parameters we assessed the neurohormonal activation before and after the laboratory investigation. Group H+HTG was found to have elevated dopamine levels, both before and after the complex examination programme with mental, static and dynamic muscular work (Table 3) . Furthermore, this group showed increased noradrenaline levels before testing, in tendency also afterwards. Adrenaline levels also tended to be raised before investigation in the H+HTG group. In addition, a higher ACTH-level was measured, significantly in the habituation before the investigation. Although higher levels of ACTH were established in this group, no important between-group differences in cortisol levels could be found. However, the decline in cortisol level after the programme compared to the habituation level amounted to 68.4 nmol/ml in group H+HTG (−15.7% from basic level 
Discussion
Clustering of metabolic abnormalities and hypertension have been reported to increase the risk of atherosclerosis. 16, 23, 24 However, specific effects of additional metabolic anomalies such as HTG in subjects with mild hypertension on cardiovascular and hormonal reactivity under laboratory stress conditions have hardly been studied. Some results demonstrated a relationship between unfavourable lipid levels in men and women and enhanced cardiovascular reactivity. 10, 12, 16 Regarding reactivity of brachial BP, peripheral BP and HR to different men- tal and physical stressors in our study, no differences could be established between the investigated groups. A higher reactivity and a higher level of peripheral BP were diagnosed particularly in hypertensive persons without hypertriglyceridaemia. However, correlation analysis between peripheral systolic and diastolic BP showed significant differences. Peripheral systolic and diastolic BP was significantly correlated in group C and group H, whereas no correlation could be found in group H+HTG. The pecularities of this group are also shown by the smaller differences between brachial and peripheral BP. The absence of correlation could be due to diminished increase of peripheral diastolic BP to stress situations. These data suggest an altered reactivity in group H+HTG, especially in the periphery.
Although no difference in cardiovascular reactivity was found, hypertriglyceridaemic hypertensive subjects revealed higher levels of dopamine, noradrenaline, and ACTH in comparison to group C and group H even before laboratory stress tests. This result indicates a strong activation of the sympathoadrenomedullary and pituitary-adrenocortical systems in these subjects. In addition, the response of the adrenal cortex to ACTH stimulation was significantly diminished in group H+HTG. These findings are in agreement with the suggestion that hypertension is associated with altered neuroendocrine responsiveness to stress situations, 16, 25, 26 especially with the hypothalamic-pituitary-suprarenal axis in the pathogenesis of the metabolic syndrome.
In our study, in contrast to subjects with isolated mild hypertension the metabolic situation of patients with untreated mild hypertension in combination with HTG was associated with significant increase of fasting insulin and a decrease in HDLcholesterol concentration. The coincidence of hypertension with hyperinsulinaemia, HTG and low HDL-cholesterol represents a well known high risk group with respect to development of atheroscler-osis. 27, 28 By contrast, fasting insulin, blood glucose, investigated lipid parameters and uric acid were in the same range in group C and group H.
Insulin resistance seems to play a key role in explaining the described differences between the investigated groups. The 'insulin hypothesis' of hypertension suggests that insulin resistance/ hyperinsulinaemia may be causally related to the development of hypertension. [29] [30] [31] Apparently this is the case only for some of the subjects with hypertension. Insulin resistance and hyperinsulinaemia on the one hand increased sympathetic activity, and reactions on the other hand were commonly associated with obesity. [32] [33] [34] Both hypertensive groups did not differ in BMI and in waist-to-hip ratio. The special importance of central obesity in reflection of metabolic disturbances was not underlined by our results.
Increased fasting insulin, a characteristic feature of this group, might be involved in altering vascular reactivity. McNally et al 35 were able to show that increasing insulin concentration reduced the contractile response of isolated arteries taken from healthy donors to noradrenaline in a dose-dependent manner. This is in accordance with the fact that insulin causes vasodilation by inducing nitric oxide (NO) release from endothelial cells. 36 However, in insulin-resistant states of hypertension a blunted insulin-mediated vasodilation induced by impaired endothelial function could be expected.
On the other hand, there are data suggesting that vascular responsiveness to several sympathetic cotransmitters might be altered in hypertensive individuals. Lind et al 37 demonstrated in subcutaneous vessels from hypertensive patients a reduced contractile response to noradrenaline, neuropeptide Y and ATP in veins.
In conclusion, the risk combination elevated BP and increased triglycerides along with a low HDLcholesterol level is not associated with a supplementary hyperreactivity-risk of BP or heart rate to mental, static or dynamic muscular load, whereas a marked activation of the sympatho-adrenomedullary and pituitary-adrenocortical systems was found to exist. Since insulin resistance represents a key in the pathophysiology of the metabolic syndrome the assumption of a direct association between insulin and cardiovascular risk in hypertension seems to be oversimplified and the process to be much more complex than often emphasised.
